Abstract: This article was a trial to evaluate: The immune responses of broiler chickens vaccinated with common AI commercial vaccines in Egypt and the effect of the applied biosecurity measures on the immune response of vaccinated chickens. The results revealed that: There were high to moderate levels of maternal immunity against AIV (H5N1and H5N2) on the 1st, 5th day of age and low levels on the 7th day of age. There was no significant difference concerning the immune response of H5N1 and H5N2 AI vaccines (P < 0.05) in vaccinated broilers. Vaccination at 10-days of age with 0.5ml of vaccine, gave satisfactory titers, on the 3rd week post vaccination. By the 4th week post vaccination chickens exhibited highest titers and continued to the 5th week post vaccination. Mortality rate was relatively higher in flocks have been given vaccine at the age of 5 days specially H5N1 vaccine (Mortality rates were 1%, 0.5 and 1%, 0.2% in the 1st and 2nd week post vaccination respectively) than those have been given at the age of 10 days (Mortality rates were 0.5%, 0.1% in both 1st and 2nd weeks post vaccination respectively). The relationships between the major components of biosecurity and immune response of vaccinated chickens revealed: 1. There was a significant correlation between HI titer and the distance between farms (r = 0.72, P < 0.05) 2. There was a significant difference between broiler houses of incorrect microclimatic conditions( Moisture content of litter, Air temperature, Air relative humidity) and immune response of broilers vaccinated against AIV (P < 0.05). The association between biosecurity faults as risk factors in broiler house and their effects on HI titers in chickens vaccinated against AIV revealed that, there was an association between faults of biosecurity measurements (Malbiosecurity measures) and the low value in HI titer of chicken sera vaccinated against AIV vaccines.
Introduction
Over the past decade, the emergent HPAI viruses have shifted to increased virulence for chickens. HPAI viruses typically produce a similar severe, systemic disease with high mortality in chickens and other gallinaceous birds (Swayne, 2007) . 26 epizootics of HPAI have occurred in the world since 1995. The largest of these outbreaks has been the H5N1 HPAI which has caused problems in poultry and some wild birds in over 60 countries of Asia, Europe and Africa since beginning in 1996. The spread of highly pathogenic avian influenza H5N1 viruses across Asia in 2003 and 2004 devastated domestic poultry populations and resulted in the largest and most lethal H5N1 virus outbreak in humans to date (Maines et al., 2005) . In Africa, H5N1 HPAI cases approved in February 2006 in several countries. It began in Nigeria then other African countries including Egypt. (Swayne, 2008) . On 17 February 2006, the Egyptian government confirmed that bird flu had broken out in the nation's poultry. In the face of disease outbreaks in poultry and the potential pandemic threat to humans caused by the highly pathogenic avian influenza viruses (HPAIVs) of H5N1 subtype, improvement in biosecurity and the use of inactivated vaccines are two main options for the control of this disease. Chen et al. (2005) pointed out that, a formalin-inactivated oil-emulsion vaccine was prepared from a high-growth H5N1/PR8 virus by plasmid-based reverse genetics after the removal of virulence associated multiple basic amino acids of the HA gene. Vaccine candidates of influenza A viruses of H5N1 subtype have been generated in several laboratories (Lu et al., 2007) . Vaccination significantly reduces the excretion of virus, which may reduce virus spread in an infected area, thereby reducing the risk of human exposure. The risk of the introduction of AI virus into poultry from wild waterfowl might be reduced by keeping poultry indoors. On the one hand, it is highly unlikely that vaccination can be effective once a highly pathogenic virus has successively been introduced in a densely populated poultry region. The reason is that it takes at least a week to vaccinate all susceptible poultry and an additional 7 -14 days before a vaccine produces effective protection against infection and subsequent transmission. This time span would give the virus ample opportunity to spread throughout the area. However, vaccination is increasingly being considered as a possible tool to prevent the successful introduction of the disease. Control programs for AI are designed to achieve one of the three broad goals or parents, three times with inactivated oil-emulsion outcomes: 1. Prevention 2. Mangement 3. Eradication. The individual goal is achieved through incorporating various essential components including inclusions and exclusion biosecurity practices, diagnostics and surveillance, elimination of infected animals, increasing host resistance and education of personnel in AI control strategies (Swayne and Akey, 2005) . However, vaccines have not been a universal solution in the control of AI in the field. Concerns has been raised about inconsistencies in field protection with quality of some vaccines and inadequate administration being issues (Swayne, 2008) . Biosecurity program is an important aspect for both poultry and human maintenance protection. It i s important to institute the practice of biosecurity program in order to ensure a healthy flock of birds and to secure poultry industry and protection. (Smith, 2002) . Biosecurity is defined as a set of management, which reduces the introduction and spread of disease causing organisms into and between sites, so the biosecurity procedures should be combined with sanitation, disinfection, vaccination and strategic treatment to eradicate o r reduce these pathogens to non infectious levels (Kaoud, 1999 and Tablante et al., 2002) . Biosecurity represented the basis of all programs to prevent disease and the components of biosecurity according to (Mandel et al., 2005) include: Conceptual biosecurity; Structural biosecurity and Operational biosecurity. The current study, aimed to investigate the relationships between the different components of broiler farm biosecurity and the immune response of chickens vaccinated with AI vaccine as well as to design a method for biosecurity evaluation and expectation the probability of disease occurrence.
Materials and Methods
Housing system: This study was carried out on 28 broiler flocks (Cobb and Sasso breed) in farms of opensided broiler houses at Giza and Qualubia Governorates during the period 2006-2007. The numbers of chickens in each flock were ranged 5000-10,000 bird. The flocks were reared under variable biosecurity measures.
Animals and experimental design Experiment 1
Maternal immunity: Eight broiler chickens -flocks were selected to carry out this experiment where they reared under satisfactory sanitary and hygienic conditions. A: Four flocks of one-day old were selected for determination of maternal immunity that acquired from vaccinated parents, three times with inactivated oil -emulsion H5N1 vaccine. b: Known positive and negative AIV antisera were B: Another four flocks of one-day old for determination of maternal immunity that acquired from vaccinated H5N2 vaccine. Blood samples were collected at one-day old, 5-days, 7-days old, 10-days and 14-days old (1% of samples were taken from each flock). (Tucker, 1967) , inside air temperature and relative humidity (Bruzual et al., 2000) .
Experiment

Immune-response
Reference antigens and antisera: a: Two types of AIV hemagglutinating antigens (One H5N2 and the other H5N1) which represented antigens of the above mentioned vaccines and were obtained from local agency, and were used in HI test.
obtained from local agency and were used in HI test.
The serological response of vaccination was studied by 4: Add 4 HAU antigens in 0.025 ml to each well and the following assay:
I-HA and HI Assay Chicken red blood cells (RBCs) suspension: Blood was collected after slaughtering of 4-6 weeks-old chickens. Blood was received in sterile tubes containing 3.8% sodium citrate solution. Pools of equal volumes from 3-5 chickens were used each time. Equal volume of saline was added and the erythrocytes were sediment b y centrifugation after 3 wash cycles in 50 volumes o f saline. For haemagglutination inhibition test (HI) test, the RBCs were used as 1 % suspension in saline.
Serum samples: Blood samples were collected from wing vein or by slaughtering and kept in a slope position at 37 C for one hour then at 4 C overnight. Sera were 
Hemagglutination and hemagglutination inhibition (HI) tests:
The recommended method use V-bottomed micro well plastic plates were applied. In which the final volume for both types of HA and HI test was 0.075 ml. (Thrusfield, 1995; Tablante et al., 2002 and Kalf, 2007) .
Biosecurity risk factor Score 1.
Self proofing (bird and house) (yes = 0.1, no = 0) 2.
Rodent and wild bird proofing (yes = 0.1, no = 0) 3.
Ventilation area (yes = 0.1, no = 0) 4.
Distance between studied (yes = 0.1, no = 0) farms and other poultry operations 5.
Farm density (yes = 0.1, no = 0) 6.
Self sufficient (farm equipment) (yes = 0.1, no = 0) 7.
Cleaning and disinfection (yes = 0.1, no = 0) 8.
Foot dips (yes = 0.1, no = 0) 9.
Vaccination program (yes = 0.1, no = 0) 10. Visitor restriction (yes = 0.1, no = 0)
•: Number of flocks.
Statistical analysis: Statistical analysis for collected vaccination and this is indicated by the low HI titres. data through rearing period was conducted using SPss (Statistical package of social science, Hollander and Douglas, 1973) .
Results
Maternal immunity of broilers chickens acquired from vaccinated parents:
The results of maternal immunity are presented in Table 1 and Fig. 1a and 1b, they show that: 1: There were high to moderate levels of maternal antibodies against AI (H5N1) and (H5N2) on the 1st and 5th day of age and low levels on the 7th day of age [HI mean values were 5.6, 4.8 and 4.4, 4.3 and 4, 3.6 (log-2) respectively]. On the other hand, the ELIZA seropositive percentages were 72, 68 and 62 for chickens vaccinated by H5N1 on 1st, 5th and 7th day of age respectively. In chickens vaccinated by H5N2 at ages of one-day, 5-days and 7-days, ELIZA seropositive percentages were 70, 67 and 6 0 respectively. 2: After the age of 7 days the level of maternal immunity was greatly reduced and it was fade at the age of 14 days. 3: There was no significant difference concerning the immune response of H5N1 and H5N2 AI vaccines (P < 0.05).
Determination of immune response in broiler chickens vaccinated with inactivated oil-emulsion H5N1 and H5N2 vaccines Vaccination at 5-days old:
In one hand, Table 2 and Fig.  2a and 2b Showed that: H5N1 and H5N2 vaccination at 5-days of age (0.3ml of vaccine) resulted in positive antibody response on the 1st week post vaccination (HI titres were, 2.2 and 1.8 (log-2) respectively). The antibody response was gradually increased up to the 4th week post vaccination (HI titres were, 5 and 4.2, log-2 respectively).
Vaccination at 10-days old:
On the other hand, vaccination at 10 -days of age with 0.5ml of vaccine, gave satisfactory titers, 3 weeks post vaccination (HI titres were, 4.5 and 5.1 (log2) respectively), but highest titres were exhibited on the 4th week post vaccination (HI titres were, 6.2 and 6.9 (log2) respectively) and then continued to the 5th week post vaccination. Regarding, the effect of vaccination on chickens mortality rates it was fond that a relatively higher rates in flocks have been given vaccine at the age of 5days specially in the case of H5N1 vaccine (Mortality rates were 1%, 0.5 and 1%, 0.2% on the 1st and 2nd weeks post vaccination respectively) than those have been given at the age of 10 days (Mortality rates were 0.5%, 0.1% in both 1st and 2nd weeks post vaccination respectively). Our results pointed out that, vaccines do not sufficiently reduce the probability of infection up to 3 weeks post Although H5N1 or H5N2 vaccination at the age of 10-days, gave protection 3 weeks post vaccination where, the titer ranged from 4.5 to 5.1 (log2), but maximum levels of HI titres occurred 4 weeks post vaccination (6 to 6.9, log2).
Correlations between some components o f biosecurity and the immune response of broiler chickens vaccinated with AIV inactivated oil-emulsion vaccines: Although vaccination of poultry against avian influenza provides a potentially attractive control measures, little is known about the effect of biosecurity faults on immune response. The relationships between the major components of biosecurity and performance can be observed from Table 3 .
Effect of the distance between broiler farms:
There was a significant correlation between HI titers and the distance between farms (r=0.72, P < 0.05), i.e. when the distance between farms increased, the immune response increased.
Effect of house width and length:
There were non significant correlations between HI titers and both of the width and length of broiler houses (r = 0.31 and -0.223, P < 0.05 respectively).
Effect of ventilation area of the house:
There was a correlation between HI titer and the area of ventilation, but a non significant very weak one (r = 0.168, P < 0.05). Our results indicated that, when length-width ratio increase, the farm width decrease, as the length, width ratio increased, the width of farm will be reduced. Consequently, there will be a huge problem in ventilation process inside broiler house and unusual increased mortality rates. The effect of the microclimatic conditions in broiler house on the immune response of chickens vaccinated with AIV inactivated oil-emulsion vaccines. According to the mean value of the HI titre (log-2), the obtained data were arranged into three groups: G1; of high HI titres, G2; of medium HI titres and G3: of low HI titres. From Table 3 . It can be noticed that: There was a significant difference between broiler houses of incorrect microclimatic conditions (Moisture content of litter, Air temperature and Air relative humidity) and the immune response of broilers vaccinated against AIV (P < 0.05).
Chickens that reared under incorrect microclimatic conditions had low HI titres (< 4, log -2), while those reared under correct microclimatic conditions had high HI titres (> 5, log-2).
The association between biosecurity faults (as risk factors in broiler house) and their effects on HI titer of chickens vaccinated against AIV: In one hand, Table 5 revealed that, there was an association between faults of biosecurity measurements (Mal-biosecurity measures) and the low value of HI titres of chicken sera vaccinated against AIV vaccines. This association indicated by the calculated value of relative risk (3.5) and the m agnitude of the attributable risk (0.625): This means that, 60% of the causes of failure in immune response were attributed to faults or even unsatisfactory biosecurity program. On the other hand, we could be predicted the chance or the probability of infection to be occurred under such conditions through the calculation of Omega (S). Omega magnitude was 0.5: this means that: The probability of infection if occurred, its occurrence would be increased by 50% even in good vaccination with AI vaccines.
Discussion
Although, the immunogenicity of vaccines is correlated to a ntigen mass, its formulation and the age o f vaccination (Trani et al., 2003) . The different levels of immune responses are due to different antigenic capabilities, antigenic quality and contents as well as the adjuvant composition (Claassen et al., 2007 and Cristalli et al., 2007) . Our results suggested that the ideal age for broiler chickens vaccination is between 7 and 10-days of age. Chickens of moderate or low maternal HI titres showed unsatisfactory immune response (HI titres) when vaccinated at 1 or 7-days age with H5N2 or H5N1 commercial inactivated oil-emulsion vaccines, but when vaccinated at 10-days of age, they gave satisfactory immune responses 4 weeks post vaccination. Sultan and Hussein (2008) reported similar data, where, they found that, vaccination of broiler chickens with H5N2 and H5N1 oil-emulsion vaccines at 10-days of age gave adequate HI titres (6-7.6 and 6.2 log2 respectively). Beck and Swayne (1997) detected a maximum percentage positive sera at the beginning of the infection (5th day) where, ELIZA (53.8%) and HIT (7.7%). Zarkov (2007) found the highest haemagglutination inhibition titre (1:256) by the 21st day of vaccination and AIV challenge in broiler chickens. Our results revealed that, the effectiveness of the available commercial vaccines which used in protection against the disease i s questionable. However, vaccines have not been a universal solution in the control of AI in the field. Concerns has been raised about inconsistencies i n field protection with quality of some vaccines and inadequate administration being issues Swayne (2008) . Our results confirm the findings that obtained by Kalf (2007) concerning the negative effect of biosecurity faults on the mortality rate in broiler chickens. Kaoud (2007) reported that, outbreaks of HPAI H5N1 in Egypt were spread extensively in areas of high farm densities (8 houses \ Km²). Also vaccination failure may be occurred due to inappropriate administration of vaccine, miss handling of vaccine, improper vaccination program and failure to follow the manufacture's recommendation and oil-emulsion H5N1 and H5N2 vaccines.
absence of national program (Stevenson, 1990 ; Vegad, control of this disease (Lu et al., 2007) . 2004). Vaccination can be an effective tool in the prevention and control of AI, but it must be used with other control measures including strict biosecurity, proper disinfection, quarantine measures, controlled depopulation and increased surveillance (Ahmed, 2007) . Appropriate levels of biosecurity can be justified on the basis of increased risk of infection with a specific disease (Gifford et al., 1986) in the same time, biosecurity practice considered as a risk factor affecting broiler performance where there is a significant relationship between levels of biosecurity and broiler performance (Tablante et al., 2002; Kalf, 2007) . In the face of disease outbreaks in poultry and the potential pandemic threat to humans caused by the highly pathogenic avian influenza viruses (HPAIVs) of H5N1 subtype, improvement in biosecurity and the use of inactivated vaccines are two main options for the Our results suggested that there were high risk factors contributed to biosecurity faults which could be affected the immune response of the vaccinated chickens against AIV. The ideal age for broiler chickens vaccination is between 7 and 10-days of age, otherwise chicken maternal immunity should be considered if they vaccinated at one-day of age. Chickens one-day old of age which have low or no maternal immunity should be vaccinated at one-day old (with a dose of 0.3ml, H5N2), followed by a second dose (0.5ml) at 15-21-days of age. The effectiveness of the available commercial vaccines in protection against the disease is questionable. Two major options for the control of this disease: 1: The use of efficient inactivated vaccines (targeted control strategies). 2: Improved, strict and satisfactory biosecurity measures.
